Introduction {#s0005}
============

Pneumonia is a leading cause of childhood morbidity and mortality worldwide. The annual worldwide incidence of pneumonia in children \<5 years old is estimated 120 million approximately, of which ∼1.3 million cases lead to death [@b0005]. The world-wide case fatality ratio is estimated to be around 8.7% for severe pneumonia. Most mortality occurs in the younger age group. Specifically, 81% of all pneumonia deaths occur in children \<2\< years old [@b0010]. These figures have largely improved since the eighties, when childhood respiratory tract infections accounted for 4--5 million childhood deaths per year [@b0015].

The epidemiology of childhood pneumonia varies widely between different regions of the world related to prevalence of risk factors and causative pathogens [@b0020]. Most pneumonia episodes occur in Southeast Asia and Africa. Importantly, sub-Saharan Africa accounts for 43% of pneumonia deaths, despite only constituting 19% of the world\'s under-5 population [@b0010], [@b0025]. In low- and middle-income countries (LMIC), the incidence has been reduced to 25% over the last decade, now being ∼0.22 episodes per child year [@b0030]. [Figure 1](#f0005){ref-type="fig"} shows the worldwide incidence of pneumonia in children \<5 years old.Fig. 1Incidence of pneumonia in children \<5 years. Rudan et al, WHO 2008 [@b0020]. Reprinted with permission [@b0020].

Increased hygiene, antibiotic therapy and vaccination against *Streptococcus pneumoniae* (SP) with pneumococcal conjugate vaccine (PCV), and *Haemophilus influenzae* type B (HiB) have largely decreased the morbidity in children in the developed world [@b0035]. Especially the contribution of HiB CAP is falling quite rapidly because of widespread vaccination in the majority of LMIC. Only a few countries do not vaccinate against HiB; in 2012, 180 countries introduced HiB-vaccine and 86 countries PCV [@b0005]. The estimated reduction of the HiB- and PCV on radiologically confirmed (RC) pneumonia is ∼18% and ∼26% respectively [@b0040]. A recent Asian study noted a 39% decline in RCCAP in young children after HiB vaccination [@b0045]. However, the HIV-epidemic has increased the incidence of childhood CAP again [@b0005], [@b0030].

Because of the large burden of pneumonia on child health and mortality, the optimal management of pneumonia is a 'hot topic'. Optimal management comprises good accessibility to health care services, adequate diagnosis, and rational easily available inexpensive antimicrobial therapy. These lead to a fast resolution of symptoms in the majority of children with pneumonia. Resistance must be prevented by restricted use in general, and use of narrow-spectrum antibiotics. This review will describe the available evidence for the etiology and management of CAP in otherwise healthy children beyond the neonatal period.

Etiology of community acquired pneumonia in childhood {#s0010}
=====================================================

Methods {#s0015}
-------

Microbiological methods to study the etiology are culture, polymerase chain reaction (PCR), direct immunofluorescence, antigen tests and (paired) serology. Upper respiratory tract (URT) samples (naso- or oropharyngeal swabs) are often used as surrogate markers for the lower respiratory tract (LRT) (sputum, pleural fluid, lung tap, broncho-alvealor lavage fluid, and biopsy). The positive predictive value and specificity of the URT samples might be limited for LRT, since many potential pathogenic organisms also colonize the URT [@b0050].

### Blood cultures {#s0020}

Blood cultures rarely add to the diagnosis of CAP (1--10%), and might lead to a prolonged hospitalization [@b0055]. A targeted approach of identifying the patients with CAP at risk for bacteraemia might aid in the yield of positive blood cultures [@b0060].

### Lung aspirates, biopsy- and empyema studies {#s0025}

In the pre-vaccine era, 62% of pre-treated children from LMIC had bacteria detected in their lung aspirates, mainly SP and HiB. Viruses were present in 23% [@b0015]. A post-mortem study of lung tissue samples from 98 Mexican children younger than 2 years who died of pneumonia, showed respiratory syncytial virus (RSV) in 30% of patients [@b0065]. Bacterial PCR on post-mortem stored Chinese lung tissue samples from a 50-year period showed HiB as a causative pathogen for fatal CAP in 18% of children [@b0070]. A recent systematic review series on incidence and pathogens in childhood CAP found HiB responsible for 16% of fatal cases, adjusted for HiB vaccination [@b0030]. More data will be available in the future as the PERCH (Pneumonia Etiology Research for Child Health) project will study post-mortem samples combined with ante-mortum samples with modern techniques to define the cause of death in children with pneumonia in the vaccine-era [@b0050], [@b0075].

In recent childhood empyema studies PCR aided in the yield of pathogens. The majority of severe pneumonia cases were still caused by SP (non-vaccine types, ∼62%), followed by *S. pyogenes* (16%) [@b0080], [@b0085], [@b0090]. However, concomitant viral infections were not investigated. Among cases with empyema from LMIC; SP, HiB and *S. aureus* play a major role [@b0095], [@b0100].

### Induced sputum and URT-samples {#s0030}

Hospitalized pre-school Kenyan children with CAP underwent induced sputum for culture and/or PCR, blood culture and nasopharyngeal PCR. They had evidence of bacterial infection in 9%, viral in 53%, mixed viral-bacterial in 15%, and no pathogen was found in 22% [@b0105]. The same type of study was performed in New Caledonia, showing probable pathogens in 90% of hospitalized cases. 82% of these were viruses (RSV and HRV being the most common) and 23% bacterial pathogens [@b0110].

Induced sputum samples from hospitalized children (1--16 years) with radiologically confirmed (RC) CAP showed a pathogen in 97% of patients using viral antigen detection, PCR, and cultures. The majority of these children had a viral-bacterial co-infection (66%), followed by bacterial infection (25%) and viral infection (5%). Human rhinovirus (HRV)-SP was the most common co-infection detected [@b0115]. Viral pathogens were more often detected in the post-PCV era compared to the pre-PCV era in British children with RCCAP, mainly because of new techniques, such as blood and nasopharyngeal swab PCR. Bacterial infection rates (mainly SP) were similar between the pre- and post PCV7 era (∼20%) [@b0120]. Pavia reviewed etiologies from 4 recent studies in children hospitalized with CAP ([Table 1](#t0005){ref-type="table"} ). These 4 studies, using nasopharyngeal multiplex PCR and culture, had an average pathogen detection rate of about 80%, and in 40--60% of the samples one or more bacteria were found. Viruses were detected in 45--66% and co-infection in ∼23--33%. HRV and RSV were the major contributors. Although the methods were slightly different, the figures were quite comparable between the studies. Also, atypical bacteria were found in pre-school children [@b0125].Table 1Main pathogens causing childhood lower respiratory tract disease. Notably: HiB is virtually eliminated because of worldwide vaccination. Adapted from Pavia et al. [@b0125].Lower respiratory diseaseEtiologic agentBronchiolitisRSV, human metapneumovirus, parainfluenzavirus, adenovirus, rhinovirus, coronavirus, influenzavirus, bocavirus, *Mycoplasma- or Chlamydia pneumoniae*WheezingRSV, human metapneumovirus, rhinovirus, adenovirus, parainfluenzavirus, coronavirus, influenzavirus, bocavirus, *Mycoplasma pneumoniae*PneumoniaInfluenzavirus, parainfluenzavirus, RSV, adenovirus, rhinovirus, human metapneumovirus, *Streptococcus pneumoniae*, *Mycoplasma pneumoniae*, *Streptococcus pyogenes*, *Staphylococcus aureus*

A large USA study conducted in hospitalized children \<18 years with RCCAP showed a pathogen (PCR of URT swab and serology, blood culture) in 81% of children. These were mostly single or multiple viruses (66%, the majority being RSV or HRV), followed by bacteria (8%) and co-infection (7%). However, 51% of these children had comorbidity (mainly asthma) thus this population cannot be fully compared with previously healthy children. This might also explain the low incidence of bacterial infection [@b0130]. In a Chinese serological study aimed at determining viral and atypical bacterial respiratory infection in ∼10,000 hospitalized children, Mycoplasma pneumonia was found to be the main causative agent, followed by adenovirus and influenza B-virus. However, since only serology was used, many viral and bacterial organisms could not be found [@b0135]. These figures were confirmed by another study using serology and PCR that found that 17.5% of CAP cases were caused by atypical pathogens [@b0140].

Additionally, *Staphylococcus aureus*, Gram-negative bacilli (such as *Klebsiella pneumoniae*, non-typhoidal *Salmonella* spp.) and *Mycobacterium tuberculosis* have been involved in the etiology of acute pneumonia in LMIC. Influenza-associated severe *S. aureus* co-infection seemed to have increased recently, also in high-income countries [@b0010], [@b0145].

Treatment of community acquired childhood pneumonia {#s0035}
===================================================

Antimicrobial agents {#s0040}
--------------------

Almost all studies from an outpatient setting have been performed in LMIC using the WHO-definition ([Table 2](#t0010){ref-type="table"} ). This is a major limitation for the generalizability of the results in other settings. Therefore, studies from LMIC and industrialized countries are separately described.Table 2WHO-definition of pneumonia.DiagnosisSymptomsNon-severe pneumoniaCough and fast breathingSevere pneumoniaCough, fast breathing, lower chest indrawingVery severe pneumoniaCough, fast breathing, lower chest indrawing, grunting, inability to feed, central cyanosis, lethargy, convulsions

### LMIC studies -- outpatient setting {#s0045}

In non-severe pneumonia, oral co-trimoxazole and normal dose amoxicillin (TID) seem to be equivalent with a failure rate of 12--13%. However, the primary endpoint was not clearly described. In severe pneumonia, amoxicillin seems to be superior to co-trimoxazole, as was shown by a prospective blinded study that showed an 18% failure versus 33% failure, respectively. In this study, 20--22% of children were bacteriaemic. HiB accounted for bacteriaemia in 14% and SP in 8%. Amoxicillin was successful in all children who had SP bacteriaemia, whereas co-trimoxazole failed in 28% children who had SP bacteraemia [@b0150], [@b0155]. In Pakistan, twice daily oral co-trimoxazole was prospectively and blindly compared with twice daily oral amoxicillin (50 mg/kg/d) in children with non-severe pneumonia. The endpoint was defined as normalization of breathing rate for age at day 5 [@b0160]. Both antibiotics were equally effective but there was also a high failure rate for both (19% vs. 16%, respectively).

In 2 large (\>8000 children) prospective Pakistani studies in preschool children with severe pneumonia, 1 dose of co-trimoxazole followed by referral for injectable penicillin (WHO guideline) was inferior to a 5--7 day high-dose oral amoxicillin course (BD), but the general evidence was of low-quality. The primary endpoint was treatment failure by day 6. Failure rate was 8--9% for the amoxicillin group and 13--18% for the control group. However, it is questionable whether the follow-up was adequate. In addition, many children in the control group did not receive injectable penicillin [@b0165], [@b0170], [@b0175].

In Gambia, a 5-day course of co-trimoxazole and single penicillin injection followed by a 5-day course of oral ampicillin (unknown dose) in young children with severe pneumonia was studied. Clinical recovery after 2 weeks was comparable in both treatment arms [@b0180].

Interestingly, a prospective double-blind study comparing an oral 3-day normal dose amoxicillin course with placebo in young Pakistani children with non-severe pneumonia did not show any difference in therapy failure at 72 h (7.2% vs 8.3%, *p*  = 0.60). This highlights the mostly viral nature of lower respiratory infections in young children. Importantly, difficulty breathing and fever were identified as risk factors for failure by day 5 [@b0185]. An Indian prospective double-blind study in young children with non-severe pneumonia and wheezing with persistent tachypnea after bronchodilator nebulization, studied 3-day low-to normal dose oral amoxicillin vs. placebo. Clinical failure defined as severe of very severe pneumonia, or oxygen saturation \<90% before or on day 4, or fever or persistence of non-severe pneumonia on day 4 was observed in 24% in the placebo group and 19.9% in the amoxicillin group (*p*  = 0.34, number needed to treat = 24) [@b0190]. In almost all these studies, the etiology was not investigated.

### LMIC studies -- inpatient setting {#s0050}

A non-blinded study comparing IV vs. oral regimen in several LMIC countries showed equivalence for normal dose oral amoxicillin (TID) and injectable penicillin in children \<5 years for severe pneumonia. The outcome 'treatment failure' (lower chest indrawing after 48 h) was 19% for both groups. Age younger than 11 months and hypoxia predicted treatment failure. Nasopharyngeal washes showed 25% RSV positivity in both groups, 27--29% SP and 20% HiB colonization. RSV-isolation was not associated with treatment failure. However, probably not all pneumonias were caused by the detected bacteria (of which 66% were SP and 30% HiB resistant to amoxicillin), since only nasopharyngeal wash was analyzed. Also, no high dose amoxicillin was used. It was not described whether resistant organisms predicted treatment failure [@b0195]. A prospective study compared a 5-day high dose oral amoxicillin course (BD) vs. 2 days of IV ampicillin followed by 3 days of high dose amoxicillin for severe pneumonia in 2100 preschool children. The primary endpoint, treatment failure by day 6, was 7.5% vs. 8.6% respectively (risk difference 1.1, CI −1.3 to 3.5). A positive urine 'antibacterial activity' test was positive in 36--38% of tested patients [@b0200]. In a small prospective non-blinded Pakistani study in hospitalized children with pneumonia, oral amoxicillin (dose unknown) was found to be equally effective as clarithromycin or oral cefuroxime (primary outcome clinical improvement at 48 h), but was more cost-effective [@b0205].

The prospective open label SPEAR study showed superiority of 5 days of IV ampicillin/gentamicin compared to IV chloramphenicol in preschool children with very severe pneumonia. Strikingly, *S. aureus* was more often cultured than SP [@b0210]. In an open label trial in young Papoean children comparing the same regimen, no significant differences were observed in the primary outcome 'adverse outcome within 30 days', being (22.1% vs 26.3%). Adverse outcome was defined as death, treatment failure requiring change of antibiotics, readmission with severe pneumonia within 1 month of discharge or absconding from hospital. Of note, this is an area with high penicillin resistance. The most commonly isolated bacteria were *Pseudomonas aeruginosa*, *S. aureus*, HiB, *Enterobacter* spp, SP, other *Streptococcus* spp, other enteric Gram-negative bacilli [@b0215].

### Industrialized country studies {#s0055}

No studies from high-income countries on antimicrobial management of WHO-defined non-severe pneumonia were found. A non-blinded study comparing 7 days of unknown dose oral amoxicillin with amoxicillin-clavulanic acid in children with clinical CAP showed superiority for amoxicillin-clavulanic acid. However, the endpoint was unclear and the confidence interval very broad (2.85--38.2) [@b0220]. A small study comparing 1 dose of injectable penicillin with normal oral dose amoxicillin (50 mg/kg/d; TID) in children with RCCAP, did not find differences in fever, respiratory rate and general appearance scores after 24--36 h [@b0225]. A retrospective cohort study showed beta-lactam monotherapy (unknown dose) to be as good as macrolide monotherapy for clinical CAP in children 1--18 years old, irrespective of their age. The primary outcome was treatment failure within 14 days leading to prescription of a new antibiotic [@b0230]. Earlier, this author concluded that children \>6 years with CAP might benefit from a combination of beta-lactam and macrolide therapy leading to a lower odds of treatment failure at day 7 and day 14, but also these data derived from a retrospective study. No etiologies were studied [@b0235]. Other studies also described equal clinical effectiveness in children when comparing macrolides vs. amoxicillin or amoxicillin-clavulanic acid in RCCAP, but the studies were poorly designed and probably influenced by the pharmaceutical sponsor [@b0240], [@b0245].

The role for macrolide antibiotics in hospitalized children with CAP is unclear. A retrospective study compared ceftriaxone and macrolide versus ceftriaxone monotherapy and suggested combination therapy to decrease length of stay only for patients \>5 years (RR 0,95). However, the number needed to treat resulting in 1 child hospital length of stay for 1 less day was 7 children. This is possibly not cost-effective. No etiologies were estimated [@b0250]. Fluoroquinolones have hardly been studied in children. A multisite open non-inferiority study in children 0.5--16 years old with RCCAP compared levofloxacin with broad-spectrum beta-lactam therapy (\<5 year) and clarithromycin or ceftriaxone/macrolide combination therapy (\>5 year). The majority of the study group received levofloxacin for 10 days (546 vs. 182 patients). Clinical cure rates were identical for both groups (94%). Serology and sputum analysis (performed for some subjects) showed *M. pneumonia* as the major pathogen in all age groups. Viral causes were not investigated [@b0255].

Clinical outcomes for children 2 months--18 years hospitalized with CAP were identical for narrow (ampicillin/penicillin) and broad-spectrum (2nd or 3rd generation cephalosporin) IV antibiotics, according to 3 large retrospective series. Primary outcomes were several clinical parameters, such as days of IV treatment, days of oxygen requirement days of hospitalization, and readmission rates [@b0260], [@b0265], [@b0270]. This has been confirmed in prospective randomized observational studies in pediatric patients with proven lobar pneumonia looking at clinical, laboratory and radiological outcomes (penicillin vs. cefuroxime) [@b0275]. For example, the PIVOT trial prospectively compared low dose oral amoxicillin (24 mg/kg/d; TID) with IV penicillin followed by low dose oral amoxicillin in 246 children hospitalized with RCCAP \>6 months old in the United Kingdom. Oral amoxicillin was clinically equivalent to IV penicillin regarding the time to resolution of fever and hypoxia. The oral intervention was cost-effective [@b0285]. However, children with most severe pneumonia were excluded. Naso- and oropharyngeal swabs were taken for viral PCR but no results were described [@b0280]. In 104 children with very severe pneumonia, IV oxacillin/ceftriaxone combination therapy was prospectively compared with IV amoxicillin-clavulanic acid monotherapy (normal dose). The amoxicillin-clavulanic acid group did significantly better with respect to tachypnoea improvement and hospital length of stay [@b0290]. The latter can probably be fully explained by the fact that IV amoxicillin-clavulanic acid was switched to oral amoxicillin-clavulanic acid after 48 h in case of improvement.

Duration and dose {#s0060}
-----------------

There are no data on short (2--3 days) versus longer course of IV antibiotics (5 days) for preschool children with severe pneumonia [@b0295]. In preschool outpatients with RCCAP, a 5-day course with high dose amoxicillin (80 mg/kg/d; TID) was not inferior to a 10-day course. A 3-day course was associated with an unacceptable failure rate in this prospective study in a country with high penicillin resistance [@b0300].

For non-severe pneumonia in under-fives, a short course (3 days) of antibiotics seems to be as effective as a long course (5 days), based on 4 prospective studies from LMIC. However, the WHO-definition of pneumonia was used in this study and therefore, many children with viral infections might have been included [@b0305], [@b0310]. In under-fives with RCCAP in a region with low pneumococcal penicillin resistance, oral amoxicillin (50 mg/kg/day) BD was as efficacious as TID dosing [@b0315]. These results must be interpreted with caution, because of the impossibility to distinguish viral from bacterial pneumonia on chest radiograph. Twice daily normal dose amoxicillin was also used in comparative studies of amoxicillin with co-trimoxazole [@b0160]. A pharmacokinetic study compared BD with TID dosing of 50 mg/kg/d amoxicillin in young children and concluded that the time above MIC was probably insufficient for higher concentration levels. Therefore, a 60--80 mg/kg/d dose should be considered in BD dosing [@b0320].

Standard and double strength co-trimoxazole were equally effective in treating non-severe pneumonia with a treatment failure of about 20% in both groups (at 48 h) [@b0325]. The absence of a difference and high treatment failure might be related to the (viral) etiology in non-severe pneumonia.

Adjunctive therapies {#s0065}
--------------------

### Corticosteroids {#s0070}

The role of systemic corticosteroids in pediatric CAP is far from clear. Two retrospective studies described an association with prolonged hospital stay and greater odds of re-hospitalization in cases with CAP without wheezing or asthma [@b0330], [@b0335]. In children with very severe pneumonia (ICU-setting), a 5-day methylprednisolone course with imipenem led to a faster resolution of symptoms compared to imipenem alone. This trial was small and not blinded [@b0340]. Till now, systemic corticosteroids are not recommended in pediatric CAP without wheezing. Anecdotal reports describe fast improvement when adding steroids in severe pneumococcal CAP [@b0345].

### Oseltamivir {#s0075}

Retrospectively, there were no proven benefits for oseltamivir in hospitalized pediatric patients without underlying diseases or risk factors for developing a serious illness, including those with asthma [@b0350]. Also the Cochrane meta-analysis, mainly based on 1 poorly designed study, described no significant benefit for oseltamivir treatment in children with pneumonia, although it might reduce the symptoms earlier, without other clinical relevance [@b0355]. More well-designed studies are needed to study the role of oseltamivir in influenza pneumonia.

Specific circumstances {#s0080}
----------------------

### Pre-treated children {#s0085}

In previously healthy children hospitalized with CAP after oral antibiotic treatment, broad-spectrum showed better outcome compared to narrow-spectrum therapy in a retrospective study. Prospective studies are needed for appropriate recommendation [@b0360].

### Unvaccinated children {#s0090}

Most trials did not describe whether the included children were vaccinated against HiB. Beta-lactamase production by HiB may vary per region. According to local resistance patterns it should be decided to add a beta-lactamase inhibitor or prescribe 2nd/3rd generation cephalosporins [@b0365].

### Pleural empyema {#s0095}

Prolonged antimicrobial therapy is warranted, irrespective of additive treatment modalities such as video-assisted thoracoscopic surgery (VATS) or fibrinolysis. A retrospective study comparing outpatient IV versus oral treatment did not show differences in outcome, thus promoting oral treatment [@b0370]. This was confirmed by another retrospective cohort study evaluating 2132 children with empyema. Treatment failure rates were identical in both groups: PICC 3.2%, and orally 2.6% [@b0375]. Currently, there is no evidence recommending specific antimicrobial therapy. The majority of thoracic empyema is caused by SP (notably serotype 1), followed by *S. aureus* [@b0380]. Antibiotic choice should be directed by culture or PCR and be as narrow as possible. In case of SP or *S. aureus*, additive clindamycin or rifampicin have been mentioned. Duration suggestions range from continuing antibiotics for 5--7 days after resolution of fever till extending the antibiotic course with 2--4 weeks after discharge [@b0380], [@b0385].

Discussion {#s0100}
==========

The incomplete knowledge about the optimal treatment of CAP is defined by the fact that the etiology is difficult to establish and is often multifactorial: viral and bacterial. Pulmonary samples are hard to obtain, therefore surrogate markers from the upper respiratory tract are often used. The available etiologic studies are incomparable because of the different sampling methods, laboratory techniques, and definition of pneumonia among the studies. From the summarized studies, it seemed that in 15--25% bacterial etiology is probable, except for the study of Honkinen, who detected bacteria in the induced sputum of 91% of hospitalized children (culture and PCR) and the study of Pavia (40--60% nasopharyngeal bacteria, culture) [@b0115], [@b0125]. In the majority of children from the Honkinen study, the sputum was aspirated trough the nostrils, probably also retrieving nasopharyngeal pathogens. The positive predictive value of nasopharyngeal bacterial pathogens reflecting lower respiratory tract pathogens is not optimal. Therefore, it cannot be concluded whether nasopharyngeal pathogens are only colonizing the respiratory tract or also are the pneumonia-causing pathogen. Most etiology studies investigated clinical CAP-cases and might therefore not represent non-severe CAP. At a hospital level, there is a higher chance for a bacterial cause of CAP compared to the community level [@b0030]. It is clear that viruses play an important role in the majority of childhood CAP, especially in the under-fives. Because viruses (mainly RSV, HRV and influenza) seem to play an important role in severe CAP, they might even play a more important role in non-severe CAP. However, respiratory viruses are also detected in the upper respiratory tract of healthy children, but with less frequency compared to cases [@b0105], [@b0130].

The therapeutic studies differed in settings, doses, outcomes and diagnosis (RC vs. WHO-definition). Moreover, resistance rates were highly diverse, if at all accounted for. The validity and generalizability of many trials is low, and composite endpoints were used in many trials, such as 'treatment failure' [@b0390]. Etiologies were often not extensively studied and this might lead to a validity threat. Also, the trials comparing IV vs. oral regimens were not blinded because of ethical issues. In the large LMIC studies, antimicrobial pre-treatment was often not adjusted for. However, this was probably an important contributor for treatment failure. Most large studies derived from LMIC and are probably not representative for developed countries simply because the WHO-algorithm used for pneumonia at the local level health services is not used in developed settings. The treatment failure rates were diverse. Strikingly in non-severe pneumonia the failure rates were on average not lower compared to severe pneumonia, stressing the fact that the etiology might be non-bacterial (failure rates of ∼7--20%).

The specificity of the WHO criteria for RCCAP is low, about 20%. Adding fever to the WHO criteria improves the specificity substantially (∼45%) with a very small reduction in the sensitivity [@b0395]. At a community and rural level these criteria can be used to identify a child at risk possibly needing live-saving treatment. But in an industrialized city setting, more experience and diagnostics are available to establish the severity of the clinical pneumonia. Unfortunately, a rapid and reliable test to distinguish viral- from bacterial pneumonia is still lacking in this setting; only then its treatment can be fully rationalized. Decision rules are currently being explored to decrease the number of children that are prescribed antibiotics in case of probable viral CAP (personal communication) [@b0400].

In young children, cough and fast breathing without fever do not justify antibiotics. Watchful waiting with a return visit is suggested. It is impossible to distinguish pneumonia from bronchiolitis or viral wheeze based on the WHO criteria alone. In case of clinical severe pneumonia with fever or RCCAP, oral amoxicillin is proven to be effective in the majority of children and equivalent or superior compared to co-trimoxazole. Oral amoxicillin is equivalent to IV narrow-spectrum beta-lactam, and IV narrow-spectrum beta-lactam treatment is not inferior to broad-spectrum beta-lactam antibiotics. The doses of amoxicillin used in the cited studies vary. Therefore, it is difficult to compare whether the clinical effect is depending on the dose. A normal dose (40--50 mg/kg/d; TID) would be sufficient in a setting with low levels of penicillin resistance. BD dosing is questioned because of failure of some patients to reach a concentration \> MIC \> 50% of time. In case of high-level penicillin resistance, BD dosing is not preferred. The duration for probable uncomplicated bacterial pneumonia should not extend 5 days. Based on small studies, macrolide antibiotics are not inferior to beta-lactam antibiotics, but also not proven to be superior, not even in older children. In addition, beta-lactam/macrolide combination therapy was never shown to be clearly beneficial but there is a lack of good studies. Because of the rapid development of macrolide resistance; small-spectrum beta-lactam antibiotics are preferred in case of CAP. There is no reason to initiate a second or third generation cephalosporin treatment in uncomplicated CAP in a vaccinated child without recent pretreatment. These might be indicated in case of suspected gram-negative or *S. aureus* after influenza infection, severe pneumonia or in children with a previous medical history. There is hardly evidence for adjunctive therapies in childhood CAP.

Conclusion {#s0105}
==========

The optimal antimicrobial management of childhood CAP depends on the etiology, age, local vaccination policies and resistance patterns. As long as non-rapid surrogate markers are used to distinguish viral- from bacterial pneumonia, the management is probably suboptimal.

For a young child with signs of non-severe pneumonia (with or without wheezing) who is otherwise doing well, watchful waiting would be recommended because of probable viral etiology. For children with more severe CAP with fever, oral amoxicillin or narrow-spectrum IV beta-lactam therapy would be the first choice. There is no clear evidence for superiority of a macrolide-based regimen for all ages. Five days should be enough to treat uncomplicated pneumonia and the dosage will depend on local penicillin resistance rates. Broad-spectrum therapy covering beta-lactamase producing bacteria is warranted in the case of very severe disease or pre-treated children.
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Educational aims {#s0120}
================

The reader will be able to•Understand the epidemiology of childhood CAP and effects of universal Hib- and pneumococcal vaccination.•Identify problems with establishing the causative pathogen for childhood CAP.•Recognize CAP in under-fives is often viral in origin, thus not needing antibiotics.•Prescribe adequate antimicrobial treatment (spectrum, route and duration) for uncomplicated and complicated childhood CAP.•Realize that the evidence for macrolide treatment in childhood CAP is scarce.

Future research directions {#s0125}
==========================

•To create decision algorithms to help doctors rationally prescribe antibiotics for CAP.•To develop rapid markers, including transcriptomics, to distinguish between viral and bacterial etiology of childhood CAP.•To identify patients that might benefit from add-on macrolide therapy.
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